Penetration of anti-melanoma immunotoxin into multicellular tumor spheroids and cell kill effects.
In order to gain a better understanding of the interaction between immunotoxins and tumor cells at the level of three-dimensional tumor mass, we evaluated the cell kill effects of monoclonal antimelanoma-antibody/ricin-A-chain immunotoxin (ITN) on melanoma cells in multicellular tumor spheroids (MTS) as well as the penetration of ITN into MTS. For Minor melanoma cells in monolayer the ITN exerted cytotoxic effects after as little as 1 h of exposure. Increasing exposure time resulted in progressive increases in cytotoxic activity. In contrast, the cell kill effects of ITN were markedly delayed and reduced when Minor cells were in MTS. The ITN cytotoxic effects on the melanoma MTS were more than 100 fold less than those in monolayer. Patterns of ITN-induced cytotoxicities for Minor and for another melanoma cell line, DND-1A, were comparable. The native ricin A was more active against PC-10 squamous lung cancer cells than Minor cells, whereas the ITN was more cytotoxic against Minor cells than PC-10 cells, thus exhibiting selectivity. An autoradiographic study revealed time-dependent penetration of radiolabeled ITN from the surface of Minor MTS into the core. Incubation for 1 h resulted in the penetration of ITN into only the two or three outer layers of the Minor MTS, and low grain counts. Prolonged exposure resulted in inhomogeneous penetration of ITN into almost the entire melanoma MTS. Penetration of ITN into PC-10 MTS was extremely poor. The reduced cytotoxicity of ITN on melanoma cells in MTS as compared to cells grown in monolayer appears to correlate with its inhomogeneous distribution in the MTS. The delayed cytotoxicity of ITN is also consistent with its slow penetration into the core of the MTS.